Abstract
Introduction
Otosclerosis is a process of bone remodeling that occurs only in the otic capsule. 1 It is characterized by progressive focal dysplasia with destruction, remodeling and, finally, sclerosis of the endochondral bone of the labyrinthine capsule. 2 Any part of the otic capsule can be involved, with a predilection for a number of different sites, 3 most commonly anterior to the oval window, at the margins of the round window, and the apical-medial wall of the cochlea. 4 When the anterior part of the oval window, the fissula ante fenestram, is involved there can be extension to the annular ligament and the stapes, causing bony ankylosis of the stapes and increased stiffness of the ossicular chain and resulting in conductive hearing loss. 2 Stapes surgery (stapedectomy and stapedotomy) is one type of treatment that can be offered to patients experiencing such a loss.
The degree of hearing loss that is required as an indication for surgery varies among authors. Some authors advocate surgery only for patients with an air-bone gap (ABG) >30 dB, 5 while others accept 25 dB 6 or 15 dB, 2 with current guidelines advocating surgery for an ABG >20 dB. 7 The debate over the minimum ABG centers on the risk-to-benefit ratio of stapes surgery in patients with small ABGs. However, good results in patients with smaller ABGs have been reported. [8] [9] [10] A key surgical step in stapes surgery is the removal of the superstructure of the stapes bone. This involves either mechanical down-fracture of the superstructure or some degree of crurotomy (division of the posterior and anterior crura of the stapes). With early disease and partial fixation of the footplate, this step can become difficult, resulting in mobilization of the stapes and the potential need to abandon the procedure. Some might consider stapes mobilization a reasonable outcome for limited otosclerosis; however, the likelihood of refixation is high and therefore definitive surgery is more likely to give a better long-term result.
This study looks at the surgical results of 293 patients undergoing stapes surgery with relatively small (<21.25 dB) preoperative ABGs and represents, to our knowledge, the largest series in the literature.
Patients and methods
The senior author (J.L.) used his stapes surgery database to identify those patients with a preoperative ABG of <21.25 dB (as defined by American Academy of Otolaryngology-Head and Neck Surgery [AAO-HNS] guidelines). 7 This precise figure was decided upon as it was a common result when averaging across four frequencies (500, 1,000, 2,000, and 4,000 Hz) and translates to just a 5-dB difference at one frequency in a 20-dB gap.
A total of 293 of 1,087 ears met the criteria and were analyzed. Audiometry was performed a minimum of 6 months before surgery and at 6 weeks after. Most patients were then followed on an annual basis. The database was started in 2000 and is ongoing.
Stapes surgery was routinely performed under local anesthesia. 11 All ears in this study had their ossicular chain reconstructed with a SMart 360 nitinol fluoroplastic piston (Gyrus ACMI, Inc.; Southborough, Mass.). Complete posterior crurotomy was achieved with a KTP laser. This a crucial step in the procedure as the anterior crus is only visible in approximately 5% of cases, meaning that in most, removal of the stapes superstructure is only possible by mechanical down-fracture of the anterior crus. At the end of the procedure, hearing was assessed in each patient with clinical voice testing.
Results
Thirty-nine of the 293 (13.3%) ears identified were revision cases and so were excluded from analysis. The mean preoperative ABG of the remaining 254 ears was 16.81 dB, with a mean postoperative ABG of 4.24 dB. The number of ears in which the ABG was closed to <10 dB was 248 (97.6%). Bone-conduction thresholds at 4 kHz showed an increase in 114 ears (44.9%), no change in 74 (29.1%), and a decrease in 66 (26.0%).
Discussion
There is some disagreement among surgeons as to what degree of ABG is seen as an indication for stapes surgery. 2, 5, 6, [8] [9] [10] Smaller gaps are likely to be associated with less fixation of the stapes at the oval window and are potentially more at risk of inadvertent stapes mobilization during the procedure. This is borne out by a stapes mobilization rate of 4% in this group in the present study compared to 1% in patients with larger ABGs.
Intraoperative stapes mobilization is often cited as a potential indication for abandoning the procedure and closing the ear. However, with the availability of laser and increased surgical experience in our series, it was possible in almost every case of mobilization to complete the original planned procedure. Surgical tips as to how to achieve this include fracturing the superstructure anteriorly rather than inferiorly and, in an already-mobilized stapes, manipulating the angle of the superstructure to allow access to the anterior crus for laser crurotomy.
Some surgeons will only consider stapes surgery when there is a reversal of the normal relationship between air and bone conduction when tested with a tuning fork (Rinne test). 2, 10 However, a Rinne test has limited diagnostic utility; when the ABG is <17 dB or >30 dB, the Rinne test is often normal regardless of the underlying pathology. 12 This would exclude many of the patients in our series from the benefits provided by surgery. However, a more detailed technique using both the 256-and 512-Hz tuning forks as described by Gordon et al may be more accurate in detecting small ABGs in otosclerosis. 13 Another difficulty in assessing the preoperative ABG is the Carhart effect. First described by Carhart in 1950, it relates to a false elevation in bone conduction with a peak at 2 kHz ranging in frequency from 500 to 4,000 Hz associated with a conductive hearing loss.
14 In our series, the Carhart effect at 2 kHz was an average of 6.9 dB with a range of -10 to +25 dB. The most extreme Carhart effect is shown in the figure, where the pre-and postoperative bone-conduction thresholds are plotted. Interpretation of the preoperative audiogram, particularly in bilateral disease, therefore requires some degree of flexibility with the AAO-HNS guidelines, allowing for a 10-dB addition in review of the preoperative ABG at 2 kHz to allow for the Carhart effect. 7 This raises the question as to whether preoperative bone conduction can be accurately measured in otosclerosis. 15 Our results, to the best of our knowledge representing the largest series reported in the literature to date, show that excellent hearing outcomes are possible in patients who have a relatively small (<21.25 dB) preoperative ABG. Positive results with stapes surgery in patients with small ABGs also have been reported in the literature.
Salmon et al, in a retrospective comparative study, found that patients with a preoperative ABG <25 dB had significantly smaller postoperative ABGs and lower air-conduction thresholds when compared with those with a preoperative ABG >25dB. 8 Similarly, Salvinelli et al found that surgery in patients with an ABG <20 dB can result in complete auditory recovery and postulated that surgery may be of further benefit by arresting the progression of otosclerosis and thus preserving inner ear structures. 9 Lippy at al published a series of 136 patients with ABGs <10 dB, showing that a pure-tone audiogram overclosure of ≥0 dB can be consistently achieved in cases in which a Robinson stainless steel stapes prosthesis with vein graft is used. 10 All cases in our series had a SMart 360 nitinol fluoroplastic piston placed for ossicular reconstruction. The prosthesis consists of a Teflon "vestibular" end and a heat-activated, self-crimping loop made of nitinol (alloy of nickel and titanium). Nitinol is a "smart" material with shape memory and super-elastic properties. The advantage of this prosthesis is the tight and uniform grip around the process of the incus or handle of the malleus. 16 It has been shown in several small, retrospective series to produce comparable postoperative air-bone closure to that of traditional prostheses. [16] [17] [18] [19] However, because of its relatively recent introduction, systematic meta-analyses have been unable to achieve sample sizes sufficient to demonstrate a statistically significant difference in hearing outcomes. 10 Nevertheless, temporal bone studies have demonstrated that the SMart piston improves the quality of the interface between the piston loop and the incus, and the decreased dead space theoretically should improve hearing outcomes in comparison to those achieved with manual crimping. 16 ) There is a slight increase in the risk of stapes mobilization in ears with a small ABG when compared to those with larger ABGs (4 vs. 1%); however, this can be overcome by using a laser-assisted technique combined with good surgical experience. Most of the recent reports use a laser-assisted technique, with a recent systematic review reporting a decreased frequency of footplate fractures and sensorineural hearing loss when the procedure is compared with conventional fenestration stapedotomy. 20 There is little consensus regarding the optimal type of laser, with some evidence suggesting superiority of the KTP and CO 2 lasers over the thulium laser. 21 All patients in our series underwent a complete posterior crurotomy with the KTP laser.
Surgeon experience is crucial in stapes surgery, especially in patients with small ABGs. The large series by Lippy et al was performed in a tertiary center with experience of 14,000 stapedectomies performed over 35 years. 10 At our center, the senior author (J.L.) routinely performs more than 200 stapes operations per year. In a recent survey of otologists in the United Kingdom, 73% perform stapes surgery, with the average number of operations per surgeon lying between 6 and 10 per year. 22 This serves to highlight the importance of experience in stapes surgery, especially in view of the higher risk-to-benefit ratio in patients with a small ABG. However, the hearing benefit in terms of hearing aid avoidance and the restoration of symmetrical hearing, as our results have shown, is both achievable and significant for the patient. ultimately included in our study, we believe that this allows for meaningful analysis.
Another potential limitation to the study was the inability to analyze differences in patient characteristics and disease complexity among different physicians' practices. These factors may certainly impact the frequency with which relevant services are performed.
Medicare payments to physicians are just one part of healthcare spending, and the results here should not be overstated. There are ultimately many factors that affect the services rendered and the fee schedules that providers set. There is a push to help stimulate discussion about changes in our healthcare delivery and move to a more value-based system. Variation within a specific specialty and within the field of otolaryngology has been the topic of significant study. [5] [6] [7] [8] [9] With the release of these payment data, there has been a significant amount of media attention with respect to providers found to be outliers. The Medicare dataset does not account for subspecialty variation in practice, billing, and reimbursement patterns because all otolaryngologists are reported under the same specialty category. The goal of this type of analysis is to contextualize the data for subspecialty physicians.
In summary, this study highlights that Medicare charges for otologists are comparable to those for otolaryngologists as a whole, while payments to otologists are slightly lower than to all otolaryngologists. Office-based E&M codes account for the highest service count and aggregate payments to otologists.
